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SECTION 1

INTRODUCTION

In June of 1975, Texas Ins trumen ts Inco rpora ted was awa rded Contrac t
F047O1-75—C-0180 to design and develop an alternate High Dynamic User
Equi pment (HDUE) set for use in the Concept Validation phase of the NAVSTAR
Global Positioning System program. The contract and specification required
a militarized system with maximum commonality and legacy to other classes
of user equi pment. Extensive performance testing , both in-plant and in the
fi el d , was al so req ui red.

This report is produced and subm i tted as Volume s I, II, and
III of ‘The HDUE Final Reports” in accordance with Contract Data Require-
ments Li st (CDRL), Sequence Number A003. Volumes IV , V, and VI of the “The
HDUE Final Repo rt s ’ are defined as follows :

Vo l ume IV HDUE Legacy Repo rt, SOW Para. 4.1.5
Vo lume V HDUE In-Plant Test Re port , CDRL Item No. A017
Volume VI HDUE Fiel d Test Repo rt CDR L, Item No. A019

1-1 Equipment Group
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SECTION II
SET DESCRIPTION

This section is bound in Volumes II and III of this HDUE Final
Report.

1
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SEC TION I I I
DESIGN TO COST

In order to optimi ze the GPS equi pment with respect to cost , a Desi gn—
to-Cost (DTC) program was established in Phase I to provide a proper

balance among cost, performance , and schedule. The major objectives
were:

1. TI had the responsibility for devel oping and execut i ng a plan of
action to del i ver equi pment at or below price goals while con-
tinuously ~~rki ng to optimize devel opment costs , production costs,
life-cycle costs , equipment weight , reliability , performance , and
maintainabil ity. Phase I GPS equi pment was designed and impi e—

mented with aggressive DTC plans directed towards fut ure progr am
sav i ngs.

2. The GPS program DTC process made use of the existing program organi-
zation by assigning DTC responsibility consistent with organi-
zational constraints for the GPS system design and devel opment.
The TI DIC plan i nvo l ved all l evels of program m anagement , design
engineers , manufactur ing engineers , i ntegrated logistics support
engineers -, planning and control personnel , producibi uity personnel ,
production engineers plus various other TI support personnel .
As an exampl e of support personnel involvement , TI purchasing
personnel encouraged our vendors to develop and ma i ntain DTC
programs .

TI was commi tted to an active arid productive DTC effo rt throughout
the GPS Pha se I program s life-cycle and continued to develop cost savings
w ithi ri the constraints of future GPS business.

I
3-1 Equipment Group
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A. GPS DTC CYCLE

The DTC plan for GPS Phase I was submitted prev i ousl y and contained
the detailed DTC cycle flow which explained the various procedures TI
used to incorporate DTC philosophy .

The drawi ngs resulting from the hardware and system design were used
to prepare cost estimates to establish the l abor and material required
to produce the equi pment. Both project personnel and other groups
contributed to the cost estimates which started with the lowest level
part and built up through the top assemblies. The manufactur i ng eng i neers ,
purchasing personnel , producibility engineers , shop supervi sors , assembly
methods personnel and quality assurance eng i neers made independent
assessments for the cost estimates based on their previous experience
with the same or similar type equi pment.

A DTC program took the current phase l abor and material cost esti-
mates and using various learning curves projected the cost in production
quantities. The program provided direct l abor and material costs and
al so added overhead , rework and other costs such as general and adminis -
trative costs and profit to determine the production unit price esti-
mates.

The production cost estimates derived using the DIG program were
compared to direct cost target budgets. If the est imated production
costs were equal or less tha n the cost target budgets , furthe r DIG

actions were solicited in order to make further cost reductions. If
the estimated production costs exceed ed the cost target budgets , one or
more of the followi ng actions were taken .

1. DIC action item s were identifi ed revisions in system hardware
design , test equipment , assembly methods , fabrication , test
techni que s, etc., which when incorporated , would reduc e the

3-2 Equipment Group
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production cost without al l owi ng the system perfomance or
schedule to fall below minimum acceptable l evels. Identifica-

tion and incorpo ration of DIC action items were a continuous
process throughout the life of the GPS Phase I program. Ma ny
revisions identifi ed were very aggressive and were applied to
fut ure applications.

2. DTC reports were designed to keep TI design eng i neers , TI GPS
Phase I program management , and SAMSO advised of the current
DTC program cost status. The DIG processes were repeated or
updated as required or as major impacts were di scovered . This
dynamic concept made it imperative that program personnel remained
comitted to an active an d product i ve DIG effort throughout the
GPS Phase I prog ram life cycle.

B. GPS PHASE I DIC RESULTS

Specific DIG results from GPS Phase I DTC studies are numerous.

Listed below are some of the major ones.

1. FPAU Integration

First Design Second Design - Future Design

7 multi — laye r 2 multi -laye r 2 custom circuits
board s board s
485 components 140 com ponents

2. Increased Capacity of Memory Modules

First Design Second Design Future Design
10 multi — laye r 4 mult i-laye r 5 multi-laye r boards
boards boards boards
910 comoonents 364 com ponents 300 component s

3 3 Equipment Group
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3. Frequency Synthesize r Changes

First Design Future Desi gn
2 multi -layer boards 1 multi -layer board

3 microwave ampl i fier 1 microwave amplifier
Analog switch Digi tal oscillator

These exampl es illustrate the effective result of positive real cost
savings demonstrated by the DIG effort on GPS Phase I program , after the
design was proven during fiel d testing .

Equipment Group
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SECTION IV
PRODUCIBILITY

Producibi lity engineers participated as integral members of the
design production engineeri ng team throughout the Phase I program. It
was their responsibility to be intimatel y aware of the design and the
plan s of the engineers during the design effort and infl uence the design
to the maximum extent possible to ensure that the product was built
within the manufact uring operations of the Equi pment Group so as to
minimize total life—cycle costs. They were in the approval cycle of
all drawi ngs to veri fy their infl uence and to further ensure that a pro-

ducible product was designed .

Produc ibil ity design guides were made available for particul ar areas

of spec i alty to assist the design engineers in standardi zing the design .

The design guides had separate sections for fabrication , assembly, micro-

wave integrated circuits , and printed circuit boards. Each listed the

criteria , particularl y suited for their shops , that would assist the
shops in producing the product.

At an equal level of impo rtance , performance was the criteria neces-
sary to ensure the proper quality , reliability , and ma i ntainability of
the product dur ing the Phase I design. These criteria were taken into
cons ideration to ensure minimum cost.

Producibi lity engineers pa rticipated in other design considerations

such as strength of material used , weight requirements , stress analysis ,

microel ectronics circuitry and packaging , shop capabilities and capac i ty.

Specific examples of producibility studies in Phase I are : A “Common

~1odule ’ approac h was developed early in the Phase I program . A trad e-

off study was initiated to consider the effects of functional partitioning

4-1 Equipment Group 
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restraints , system costs, system packaging limitations , and user

class enviro nments on modul e size. Although the number of possibilitie s

was infin ite, several detailed parameters were listed as major consider-
ations and addressed.

Two common modul e versions were used. One is housed in a shiel ded can
while the other is an open card used for circuitry not requiring shiel d-
ing or RF connections. All conform to MIL—STD-1389 dua l spa n modul es in

width and center-to—center spacing and utilize standard extraction tools
for removal purposes. Pl ans for modul e evol ution inc l uded further reduc-
tions as further component integration occurred.

Secondly, a producibil i ty study to -determine the most cost-effective
shielded can approach was performed on soldered on covers , three piec e

die casting s, extrusions, and machined hog—out being the candidates.
To meet Phase I cost and sched ul e goals the machined hog-out proved to
be the best choice.

These exampl es- are only a smal l portion of the producibi lity effort
dur i ng the Phase I concept and validation phase in which Produc ibi lity
Engineering was a vital part of the design team. The producibi lity
objecti ves were achieved and GPS Phase I equi pment is producible for

the quantities and rates requi red in the Phase I contract.

4-2 Equipment Group



SECTIO N V
RELIABILITY

This section documents the rel i ability i nformation obtained while
field testing HDUE 01 at Vuma Proving Grounds , Yuma, Ar i zona. Failure
data from this testing is rev i ewed and di scussed .

The reliability support effort for the High Dynamic User Equi pment
(HDUE ) has been active since the early stages of proposal for contract.
Rel i ability Engineering was responsible for the generation of a parts
sel ection list and rel i ability design guide , including recommended compo-
nent stress l evels. After the design was compl ete, a data collection
system was established to ensure good rel i ability growt h during testing .

A. DESIGN EFFORT

1. Design Guide

During the design of the High Dynamic User Equi pment , rel i ab i-
lity was act i ve in establishing specific guidel i nes , which were followed
by the designing effort. One of the requi rements of rel i ability was to
write and del i ver to the design engineers a Reliability Design Guide .
The design guide consi sts øf the followi ng sections.

a. Derating Rules

Components rel i ability can be achieved only when the part
does not receive stresses beyond those for which it was designed . In most
cases , the lower the stresses pl aced on a component the more rel i able it
becomes.

I
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The followi ng derating rul es define the maximum electrical
stresses which the design engineer followed . These derating rules are
part of Texas Instruments Standard Procedure 18-2. A copy of the derating
rules is attached in Table 1.

b. Component Sel ection

The design guide al so deal s with the particul ar components and
some of their characteristics :

• Resi stors

• Capacitors

c • Di sc rete Semiconductors

• Integrated Circuits

• Rel ays

• Switches

• Connectors

• Transfo rmers and Induc tors

In addition , each device catagory was broken down by specific
component type , its applications discussed , and recommendations made fbr
system use.

5-2 Equipment Group
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Table 1. Rel i ability Derating Rules

Pa ram eter to
Part Type Derate Derate to Other Considera tions
Diode VR 50%

1~ 50%
Ij l/ 120° C Max

Diode, Zener P1 50%
I~ 1/ 120° C Max

Tra nsi stor BVCEO <20V 80%

20-50V 70%
50-120V 60%
> 120V 80% Observe safe operating

1
~j jj 120° C Max limits (SQA )

IC , Digital ~~ (54 TTL) Add 40% Md 0.15 nanosecond per
pF additional load

Tpd (Schotky IlL) Add 20% Add 0.15 nanosecond per
pF addition al load

IC, Linear T~j 1200 C Max

Resistor, Powe r 50% Do not exceed max imum
Fixed hotspot temperature,

MIL-STD-199B
Resistor ,
Fixed , Power 50% 50% of 7Q0 C rating
Metal Film 80% of 125° C rating
(R ~,t)

Resistor ,
Variable Power 50%

Capacito r DCWV 50% DC bias voltage + AC peak
not to exceed

AC 50% DCWV for all AC ratings
1/ It is not intend ed that the 120°C junction

rule result in illogical design decision s
on power semiconducto rs. Consul t rel iabil-
ity engineering for tradeoff analysis and
approval requi rements for temperature
exceed ing 120°C
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2. Preferred Parts Li st

$ In conjunction with the design guide , a preferred parts list
was distribut ed to all engineers. The preferred parts list describes

tho se parts whose use will best assure achievement of the contractua l
reliability obligations.

I
3. Parts and Drawi ng Rev i ew

Dur i ng the design activity the responsibi le project rel i abi-
lity engineer was included in the drawi ng review cycle. As the drawi ngs
were reviewed by the rel i ability eng i neer they were checked for proper
documentation , use of established reliability components, contractual
obligation and cal cul ated component stress levels.

4. Stress Analysis

A worst case arid normal operation stress analysis was
performed on each printed wiring board , based on the circuit diagrams .
From the stress data obtained , an analysis was pe rformed in an effo rt to
i solate components which were appl i ed wrong or overstressed . If a
problem was found , the rel i ability eng i neer recommended design changes
and worked with the design engi neer on the probl em.

5. Rel i ability Prediction

Rel i abilit y Eng i neering cond ucted rel i ability predictions
based on the High Dynamic design . These reliability predictions were
initiated early in the design effort and were revised periodically to
refl ect changes in the design . This analysis was made by a failure
rate build — up, in which a failure rate is assigned to each rel evant

• iece part . The failure rates were obtained from MIL-HDBK-217B. TI
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and vendor historical failure data , engineer i .g judgment and other
sources were used for devices not covered in MIL-HDBK-2 17B. The part
rates are summed to provide PWB level predictions ; these rates, in
t urn , are summed to provide LRU and set level predictions. These cal cu-
lations we re pe rformed by means of a TI devel oped computer program.
“PLSI,” which automatically calculates failure rates and sums them ,
based on a computerized bill of materi al s, MIL-HDBK-217B , and env i ron-
mental inputs. The above analysis resulted in a predicted failure rate
expressed in units of “failure per million hours.” This , in tur n is
inverted to yield a predicted MTB F in “hours.” The final rel i ability
prediction , which was cal culated by PLST prior to system eval uation at
Yuma , yielded an MTBF of 568 hours , wel l above the 500 hours specified.

B. TESTING SUPPORT

1. Board Level Testing

When a printed wiring board has compl eted assembly, the board
is sent to Unit lest where a thorough examination of its electrical opera-
tion is performed . Shoul d for any reason a board be found defective , the
board is eval uated and the cause of the probl em isolated . All defective
components are removed and pl aced in an assembly and test reject part
envelope (“Hold Bag ”). All the necessary information for traceability
of the defective part is written on the Hold Bag. The Hold Bag and
component are then delivered to the reliability engineer. Records are
kept along with the comp onents to isolate failure trends.

2. System Testing

During testing of the High Dynamic User Equi pment , a data
collection system was used to locate and correct probl em areas. The sys—
tern used on the GPS Programs is titl ed the Rel iability Failure Repo rt ing

I
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(RFR) system . Al so , the Hold Bag is used to capt ure the bad components
for record keeping and storage. This RFR system consists of a multicopy
form , which keeps a compl ete histo ry of a system failure down to the
individual component failure analysis. The reliability engineer keeps

an up—to-date record of all system failures with this form . Each form
is prenuthered for easy record keeping and control. The number of the
RFR is entered in the system paperwork at the time of a test failure.
The RFR system has been used throughout the GPS program both inhouse and

at the Yuma test grounds . A copy of an RFR form is attached as Figure 1.

C. FAILURE ANALYSIS

Table 2 lists all of the HDUE fiel d failures in chronological
order. This data was recorded on RFRs as described in subparagraph B—2.

The symptom , analysis results , and any corrective action associated
with each RFR are delineated.

D. SUMMARY

Texas Instruments is concerned about rel i ability and takes an
active role in the devel opment of a hi ghly reliable system. Design and

parts selection guides , which are individuall y tailored to this program ,

were published . These guide s meet all the contract requirements , as
well as design and reliability needs of the program . Guidel i nes such
as parts control , stress deratings and preferred part s list clearly add
to the overal l rel i ability of the system.

Since fiel d testing started , the performance of the High Dynamic

System has been excellent . The number of fail ures which the system has
experienc ed in the field is lower than that predicted . A total of 15
RFRs were presented in Table 2 above. These can be discussed in various
categories.
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There were six RFRs that were not directly rel ated to system
funct ional  operat ion:

• Items 2, 3, 4, 5 were all rel ated to improper
installation on one power supply

• Item 6 of Table 2 referred to incorporation of a
Modification Instruction (MI)

• Item 9 was rel ated to imprope r installation of a resisto r

These were studied by the reliability engineer and comunicated

to the proper assembly/manufactur ing personnel . No furthe r events of
this type have since occurred . Since these item s did not affect actual
system of operation , they were not considered rel evant failures and
were not included in MTB F calcul ations.

Item 7 resulted fr~~ an in— house unit test that was initial ly incap-
able of detecting certain minor fl aws in the Code Generator Module.
Since that time , a more el aborate test set has been dev i sed and a more
comprehensive unit test i ncorporated , so such probl ems can be detected
early. This item was not considered rel evant , because the actual problem
occurred in-house and was not related to field operation of the equi pment .

Two other RFRs (Items 12 and 1.5) referred to occurrences at which
faflures were indicated , but upo n subseq uent testing were found to be
in good condition. These events are considered one-time operato r errors ,
as they have not reoccurred . No correct i ve action is warranted at this
-irne , and the events are not considered rel evant failures.

I
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The remainder of the failures , a quantity of six , are considered
rel evant , since they occurred during system operation and involved act ua l
part failures. None of these failures has reoccurred and no trend is
present. Correct i ve action , then , is l imited to tracking fut ure failure s ‘

to assure no long—term trends are present , and to assure that the overal 1
system rel i ability is within rea sonable l imits , achieving reliability
growths with fi el d operating time.

E. CONCLUSION

1. Mean—Time—Between Fail ure (MTBF) Cal cul ation

The total of six rel evant failures with 970 hours of field opera-
tions yi el ds a cumul ative MTBF of 162 hours. Typical ly, a new system can
expect a reliability improvement from inital design to mat urity that will
increase MTBF by a factor of ten. If an MTBF growt h of five to ten time s
is assumed for the mature HDUE , then an MTBF of 810 to 1,620 hours is
projected . The MTBF prediction of 568 hours (reference subparagraph A-5)
gives credibility to this projection.

2. Rel i ability Growth

The data summarized in Table 3 for HDUE 01 fiel d testing ind i-
cates set reliability improvement over time . This is further substantiated
by the fact that all of the RFRs , includ i ng those correspo nd i ng to rel evant
failure s , occurred in the first 57 percent of the operating time .

I
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Table 3. NDUE 01 Failure Summary

1-2Q78 3Q78 4Q78 1Q79 2Q79 -r Total
Fiel d }~burs 270 170 140 240 150 970

RFR5 1 10 4 0 0 15

Rel evant 1 3 2 0 0 6
Fail ures

Duane ’ s Postul ate is used here as the basis for rel i ability growth

planning . On other programs , TI has consistently achieved Duane Model
growt h rates of 0.4 to 0.5. If a g rowt h rate of 0.4 and an MTBF of 162
hours at 970 operating hours are assumed , the set reliabilit y is estimated

to begin to exceed its 500 hour MTBF requi rement after 13,870 hours of
additional operation. Set reliability perfo rmance will be monitored

closely in order to apply knowledge gained in this gro wth process to
fut ure designs.

I
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B. MAINTAINABILITY DESIGN CONSIDERATIONS

1. Preventive Maintenance

There are no preventive maintenance requi rements for the HDUE.
All modules/pr inted circuit cards are repl aceabl e without adjustment or
cal ibration. There is a requi rement to clean the Instrumentation Interface
Unit (IIU) recording heads on a daily basis; however , such requirements
will be el iminated on Phase II equi pment.

2. Interchangeability

In consonance with DTC/LCC goal s, a larg e percentage of printed
circuit cards are directly interchangeable. This concept is an important
contribution to maintainabil i ty requi rements in that a suspect module
nay be interchanged with a like module for fault iso l ation. This is
pa rticularly significant in the receiver RF arnplife r section.

3. Access

All system modul es are easily accessed by removal of protective
covers. With the exception of two modules , all SRUs can be quickly
removed and replaced without removal of other SRUs. (See subparagraph C-i.)

4. Built -in Test/Performance Monitoring

Operational availability of the system is enhanced by software
accessed performance monitoring capabilities. Operational software is
used to the maximum extent in impl ementing the BIT function. The software
approach largely el iminates hardware that is solely dedicated to the BIT

function , eliminating the possibility that BIT hard ware failures may be

I 

greater than the hard ware being tested.
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Three distinct test features have been incorporated in the
system; the operato r-initiated operational test , the processor self-test
and the fault isolation test. A system fault is visually indicated to
the operator via the Control Displ ay Unit (CDU) front panel .

The operational test is initiated by the operato r at power-up
and complete system performance check is accomplished. If a fault is
detected , the system wi l l  attempt to compl ete the pe rformance check
without additional operator activity. If a fault is not cleared , the
fault and its l ocation will be indicated by the CDU.

The processor self-test is a continuous software—controlled
test followi ng system initialization. Continuous pe rformance monitoring
using sel f—test features increases the confidence level that a mission
can ba compl eted without an undetected failure.

The fault isolation process is accomplished with diagnostic
tapes and the Instrumentation Interface Unit (IIU). The CDU is utilized
to comand functional tests to fault isolate to the defect i ve LRU or SRU.

C. SUGGESTED IMPROVEMENTS

1. Master Oscillator -

Stabilization of the oscillato r reaqui res approximately eleven
minutes. This time is detrimental to MCI because of the increased
system checkout time following corrective maintenance. The oscillator
meets contractual specifications , however , a reduction in stabilization
tine is a design goal for Phase II.

I
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2. Powe r Supply Modul e and Antenna Swi tc h (Receiver LRU)

These modules are located in the bottom of the receiver LRU and
are not easily removed/repl aced. Phase II design will al l eviate these
probl ems.

D. CONCLUSION

Design features of the HDUE , considering noted areas for improve-
ment , ensure that ultimate maintainability requirements for fut ure
production will be attained . A program maint ainability engineer will
continue to monitor and eval uate design progress and to impose maintain-
ability standards.

6-4 Equipment Group

—

~

- —--- --

~

-- - -

~

-

~ 

~~~~ _ _ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~ i : .z : -. 
~~

‘.:
~~ :~~T:: ~~~~~~~~~~~~~ -=.~~~~~~

I ~~~
I

SECTION VI I
SUMMARY

This HDUE Final Report has documented the technology , both hardware
and software, and the philosophy that Texas Instruments iripl ei~iented in
their High Dynamic User Equipment for the GPS concept validation phase.

I The overall set as wel l as its individual modules has been explained .
Texas Instruments HDUE conce pts , techni ques , and results of design-to-cost ,
produci bility , reliability , and maintainability have been put forth as
well.

I This report , in conjunction with the Legacy , In-Plant Test, and Field
Test reports, demonstrates that Texas Instruments has met and improved
upon the letter and the spirit of Contract FO4701-75-C-0180 with the
HDUE development and testing.

I
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GLOBAL POSITIONING SYSTEMS (GPS). NIGH DYNAMIC USER EQUIPMENT
(HDUE) VOL. 1 10 AUG 19
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